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I/") (57) Abstract: A laser causing laser oscillation using a semiconductor quantum dot, comprising a laser member (11) in which the 
semiconductor quantum dot is formed, a resonator (14) for resonating a light generated in the laser member (11), and a pump laser 
(15) for irradiating the laser member (11) with a pumping light having an energy accommodating two-photon resonance excitation 
such that an excitonic molecular state is formed in the semiconductor quantum dot by two-photon resonance excitation. A laser 
realizing laser oscillation utilizing an efficient emission phenomenon is thereby obtained. 
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M^h^h^ ife^M^-2i@cD^ti(igi4^r | 2x> i) xvhi&m^^ 
mM^^xmmmm^m ^mtix\ ^ Q 

[0033] ^I/^X16«, t^V^V— 1fl5co^i-Sl — «£*3feLTV— IflfBttllfclflB 



WO 2005/078881 7 PCT/JP2004/011536 

[0035] [HJfcM] 

[0036] ^fMlltLttt, -aW^bT^NaCl^^g^^f^S^-FVbirLWCuCl 

[0037] ^3»f*S^-K^hi:b-rCuCl^y^ 0 H B MV^TV>5(Z)«, CuCl^M^f^^ 

[0038] IH2(a)-B|2(e)^l/— !f§|5#ll(D^xm^— M^-To r©ffr$;^:feH:$t 
S^yy^vyf£ (Transverse Bridgman method) §r^lJfflUfct^>"t?feSo tf, 02 (a 

Naci^mm^^o ^rbr, 02(b) K^-rx^ mimoi%(DCucm}i^mM^ 

fcNaCUZlSfe&PU ?££PbTNaCl©^=?Vh£#5 0 EI2 (c) j;5^> - 

3atmCD7k*^«±AU 1 0 ^^2cmCDjM^M^>.y v^ 7 
^PS^Sriiii^So ^rU-<£^ NaCl:Cu + (D^ H H B 5r#6 0 ^£r500°C^60 

o^m^r^-^-rar^u;^ 02(d) K^-rxoK, Nacm^K^mm 

—?V~t%>h, 02(e) i^-r^^^CuCl^y^^^^j^^^^JlOnm^^-t- 
5 0 i^^> ^10nmMS$-*^^500 0 C^^600°C-rr--/V-r6^, 02(d) K 



WO 2005/078881 8 PCT/JP2004/011536 

[0039] TfcmMM-vtx. ^mmi4tvx(DRm^—i2'i3^mu u—Fmwii<Dm 

if OPA (optical parametric amplifier) 22 fc«fcoTS&jgl^— iFftSr^^&ii", - 

5/h2l f*i<£>^- if Wi l Mtt£-frfc 0 
[0041] i£/c, l/-ifWll^^^btL^fi, _LfEt±iMiJ^^Xl7^ta^-r5^^ 
^X24^LT^^hn^— ^25^^^6 0 r^^hn^— *25fc«fc5#}fcji£ 
M^fCCD (charge coupled device) 26^ ioTt^^OL, PC (personal computer) 27 ^ 

[0042] ^W^^lTCOW^J;^ ¥^#:S^-K5/^^*5V^T®]^B^-^027 , ^:^• 

*q&eSiix^^^bTv^ri^^, 0 Tfe^,©iB^^^2^*qiestR^^ 
[0043] ^m^mmmwA^m^xh^o mm^cou— ^uiKDumi^Ktu m 

if (DAMfiife6. 6° £Ufc 0 M^— ifftte, s*/VXMl. 5ps N ft^^/v 
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^(D^t^h, ^i$ttii<Dmm^M^<D£iMmm&n<>x\s^^t%:mM~f& 

[0051] u-^mni(D^mnR^m^io-r^%mmx^fc^, ^m^mrnvtm^x 



WO 2005/078881 10 PCT/JP2004/011536 

[0052] 08«, m^—^(Dmmyt^mpKM-r^m^mi(Dmt^vxm, a 

[0053] ^^^^=¥—^3. 1950eVT?&3W— IfftSrjSbjgU— ^^ttVXm^M^ 

'(Dm^mm^-^2^^mmK^h(Dxh^tn, ^<d^ 
oteisxmm&thtco 

[0054] cuc\^(Dmm^ft^ni£fimmm^vxfozfcisb, m9 ( a ) ,m9 (b) k^-t^ 

[0055] mioa, mm^-^^mBmytt^fcm^m^ri^m^^h^t, mm 
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[0056] ^/h, ©jgw-ifft©^^/^-^ iiE^l 3tfaii&r;jiigf^23t 

[0057] JSj^i^-if^M^fS^^Lfc^^Rfl^^b^^i©^^:^^ 

SfM^^fp, mm^—^yt(D^^/v^(Dmh^m^t^xmum^^y 

bL>fdb<DXfo& 0 milM, CuC\(D/VU?%gM}X(Dm&^'^^— (3. 207eV) 
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[0058] H12^*5V^ ^#f^m3^r?B^^^^*Wf^^-r5 0 r 
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Single- if %b\,xm\ ^X\ ^ 0 
[0060] MiiH^^2^^^B|M^j;oTM)®^™^^^Ufc#^^^, S&j&f 

[oo6i] ^/c, ^*s#f -eti, jg&jg^— if )feibT^-y#^-— ?<wvx (-r/fj^wx) & 

th 
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[0064] ivcwm 
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. 207eVHT&^mt\^X2^^^A^hiyt^m.^<Dmt^^htl^ o ^X 

[0066] igi3tt, &&i L iyti L m&Tx<Dm^^b^&^vf'h(Dx&v, ±.msi"-~ 
-fmmm^x\^m&. rm^—^mm^h-r\^m^m^x\^m^ 

1 

r | M>j«M^W^, r | bx> m^mmm^Vtm. r I BM>jiiW 
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a) , 0 16 (b) \z&5\ ^x^m-r&o 

[0068] ii?^i 1 23t^*n,|IiW > 015(a) K^-T^K, mmttttlA&WM 

fkm&ti, loo^t^K^bQDrttiew^iot^^f, -aim 

015(b) \Zm~r£?i^ loO^^#:A^VhQDrt^2^^3f@(DSli3^-EX^^ 
/&£*L, 016 (a) Xte016 (b) ^«5^®^III±^BSf^ffl{-i^— ^ 

-TSo -r^>"fbbfc^#:*^K5/hQDfi, ^^/^^ (Stark effect) Ciot^ 

ytvm<tez> 0 ^.(Dtcib, mmmmmmjKvxvizw mmmxu—^mm^m± 

[0069] ±.mi,fc.mM^ft^<Dm.mtkf&fe. mj&wmms^ \ G>])tmm^^ 
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[0072] i/-fMii©^t^K-yb©MMi|sw, mm^^m^m^-r^h(o 

[0073] V— ■^nUll<D j mUb^mW-^VyYt(DU^\^^X\^ SfeiAtp^ft: 

TMV^-f^ih&mtRU ¥*f**^K^h^UTCuCl, CuBr, CdSe, CdS, 
CuCl Br , Cd Se , ZnO<D?1b(Dinfrlfa : £m#l-t&^b&&MXfoZ> 0 *fc, 

x 1-x x 1-x 

^LTGaAs^Hu AlGaAs^^e, InGaAs^^ B , XteGaAsSb^HSriltRU 
frt^K^r-irUTIriAs, InGaSb(D5^0fpT^^iltR-rS«^(GaAs^(Dff jsg) 

[0074] tj:$3 s mm^ft^j&m^^-^i^ ^mGaAs^m^x^ m\^^ 
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[0076] iifB^JfiM-Ctt, Hl(D*Sg^l4^bTV— iff|3Wll(D©W^feSNaCl^^ 

[0077] ^fc, iWti l ^LTEU^MJIfm^fW 6^K, <^(D j£te«fc 
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^m^^hthf^ib^MRML-XmtfWhispering Gallery ModeWiiftS^E—K 
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[0079] S&jgftfcoi ^XU, (jfcg) ^M)®^-^2^^-*F!&M)^^ai^ 

[0080] ^3b\ ®ij|B^(^Vl^i|ig^o^T^ 0 ^IM-— ^(1 X lO""*^ 1 X 10" 12 J!^_L) 

as$mx, x io _12 «, i x io 15 j^_t) t-r^'t^^xmm 

So 

[0081] [J^fflM] 

[0082] r©i5^AS:^^b"C, I'— iFlO&fcfcfctfftit'fi fc&ttS&^gU^^ 

ssb^^mub-r^~^mimmx^bm^hn^ 0 

[0083] E*_L<£><fc5fc, (i/— FmU) 10«, ¥*#*W5*«rM^-C 
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[0088] ^K^#^w-if^ffx»w-if^^^-ef*, mmmm^mmmmmm 

[0089] M^-7-O^SMKf«+t: 0 3#©^l?3b5rid^, _hfe<Dj;9^IM)fe<7)ig 
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WO 2005/078881 



17 



PCT/JP2004/011536 



[0092] 
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ttvxmHi-&mmftMnt%mtt^t%w&bi-%u-*fmm 0 
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b%mu 
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